Conventional risk factors (especially high arterial pressure, elevated cholesterol and glucose levels, and cigarette smoking) are useful predictors of morbid atherosclerotic and hypertensive events, and their control variably reduces the incidence of events. However, both the ability to predict risk and the ability to reduce it by modification of established risk factors are limited. These limitations occur in part because the progression from risk factor exposure to morbid events depends on the variable likelihood that individuals exposed to the same risk factors will progress through two stages: the development of asymptomatic or "preclinical" anatomic and functional cardiovascular disease in response to standard risk factors and other variables, and the precipitation of morbid events by progression of preclinical disease or by the action of additional "triggering" mechanisms in the presence of preclinical disease. Advances in diagnostic methodology now make possible accurate noninvasive detection in many asymptomatic individuals of preclinical disease such as left ventricular hypertrophy, carotid atherosclerosis, and renal dysfunction. Progress in elucidating stimuli to left ventricular hypertrophy and systemic atherosclerosis suggests that focusing research separately on these two stages of disease evolution is a fruitful strategy. The closer relation of measures of preclinical disease than risk factors with the subsequent risk of complications indicates that their detection improves clinical risk stratification. However, critical testing of whether clinical outcome is improved or treatment cost is lowered by basing antihypertensive or antihyperlipidemic treatment decisions in part on the presence of preclinical cardiovascular disease is needed before this strategy is adopted on a widespread scale. (Circulation. 1993;88[part 11:1444-1455 KEY WORDs * risk factors * cardiovascular disease T he risk factor concept has guided research, patient care, and public health policy to prevent cardiovascular disease for more than four decades. In simple terms, this concept states that certain factors either contribute to causing or at least help to predict the later development of cardiovascular disease. Initial astute but uncontrolled observations that a disproportionate number of patients with myocardial infarction were men, smoked, and had high arterial pressure and cholesterol levels were confirmed by prospective observations in population-based studies.' The risk factor concept gained substantial support when it was shown that cardiac and stroke morbidity fell in response to reduction of high blood pressure and cholesterol and cessation of smoking.2-6 These interventions have been temporally associated with declines of up to 60% in the age-adjusted incidence of cardiac and stroke mortality since the early 1960s.7 Today, the risk factor concept is considered sufficiently well proven to
T he risk factor concept has guided research, patient care, and public health policy to prevent cardiovascular disease for more than four decades. In simple terms, this concept states that certain factors either contribute to causing or at least help to predict the later development of cardiovascular disease. Initial astute but uncontrolled observations that a disproportionate number of patients with myocardial infarction were men, smoked, and had high arterial pressure and cholesterol levels were confirmed by prospective observations in population-based studies.' The risk factor concept gained substantial support when it was shown that cardiac and stroke morbidity fell in response to reduction of high blood pressure and cholesterol and cessation of smoking.2-6 These interventions have been temporally associated with declines of up to 60% in the age-adjusted incidence of cardiac and stroke mortality since the early 1960s.7 Today, the risk factor concept is considered sufficiently well proven to justify public policy recommendations for treatment of hypertension and hypercholesterolemia. 8'9 Despite the encouraging experience in many trials, the value of interventions against major risk factors varies for individual patients. For example, each stroke prevented in the large Medical Research Council trial10 required 833 patient-years of treatment of asymptomatic, but mildly hypertensive patients. Meta-analyses of available clinical trials indicate that antihypertensive treatment has had about half the expected impact on the incidence of heart attacks,1112 and the appearance of a "J-shaped" relation between the magnitude of pressure fall during treatment and incidence of myocardial infarction in some trials13"14 suggests that too rapid pressure reduction may actually be hazardous. The net benefit of antihypertensive treatment for prevention of coronary heart disease (CHD) is positive when blood pressure can be controlled by low doses of medication in patients at relatively high risk because of age or other factors,15-'7 but it may not be the same persons who receive the good and the bad. The potential to prevent CHD by drug treatment of hyperlipidemia has been rather recently defined5'618 and appears to be greater for reduction of nonfatal myocardial infarction than death. Because of the relatively short period that the most effective hypocholesterolemic drugs have been widely used, all possible hazards may not have yet been uncovered. 19 Life-long drug treatment of millions of FIG 1. Schematic depiction of the circulation showing "windows" through which preclinical cardiovascular disease can be assessed noninvasively. A, Visualization ofthe left ventricle by echocardiography or other methodspermits measurement ofnormal (diagonal lines) or increased wall thicknesses and calculation of LV mass. B, Ultrasonic visualization of the carotid arteries permits measurement of common carotid (CC) wall thickness (between the arrows) and detection of discrete atherosclerotic plaques (broad arrow). C, Measurement of microalbuminuria permits detection of early dysfunction of renal glomeruli (G). Ao indicates aorta; EC, external carotid; IC, internal carotid; K, kidney; and PA, pulmonary artery.
persons with mildly elevated cholesterol is a costly process that may not be warranted for primary prevention in otherwise low-risk individuals. 20 Optimal cardiovascular disease management should produce the greatest benefit with the least cost. This goal may be optimally achieved either by development of strategies that are so cost effective and risk free that they can be applied on a massive scale or by targeting highly efficacious but more expensive or potentially hazardous therapy to those at sufficient risk of morbid events that they are likely to benefit from such treatment, while sparing those at little or no risk. Populationbased strategies of avoiding obesity, cigarette smoking, excessive intake of fats or salt, and a totally sedentary lifestyle appear more likely than medication-based strategies to fall into the first category. Intervention with medications is commonly initiated because one or more risk factors exceed a threshold level. This strategy is limited by the fact that many, if not most, individuals with mild risk factor elevation will not suffer cardiovascular events. Only a minority of such events occur in the small proportion of the population with severe abnormality of one or more risk factors. The present review considers the strengths and weaknesses of evidence in favor of the concepts that the evolution from risk factor exposure to morbid events proceeds through a stage marked by asymptomatic structural cardiovascular disease and that risk stratification by identification of preclinical disease may improve targeting of more expensive or potentially risky treatments to the patients most likely to benefit.
Stimuli to Preclinical Cardiovascular Disease Pathological changes in the heart and arteries that develop early in the course of hypertensive and atherosclerotic cardiovascular disease, before symptoms or morbid events occur, may be described as "preclinical disease." Methodologic advances now make it possible to identify preclinical disease in asymptomatic individuals and to relate the presence and severity of preclinical disease to the level of risk factors, on the one hand, and to the subsequent risk of morbid events, on the other. Accurate quantitative noninvasive methods can now detect several major manifestations of preclinical cardiovascular disease: left ventricular hypertrophy,21 abnormalities of myocardial perfusion and metabolism,2223 extracardiac atherosclerosis,24 and early renal dysfunction as manifested by microalbuminuria (Fig 1) . Consistent 50 This suggests that greater heart size in adult men may contribute to the well known gender difference in CHD risk. Other evidence suggests that the risk of CHD morbidity may be related to the degree of body growth from infancy to adulthood,51 which is greater in men than in women.
Stimuli to Extracoronary Atherosclerosis
The pattern of relations with risk factors is somewhat different for atherosclerosis in the cerebral and peripheral circulations than in the coronary arteries. Thus, among men who died following initial screening in the Oslo Heart Study, high-density lipoprotein (HDL) and Research on Pathogenesis, Prevention, and Treatment of Cardiovascular Diseases
The two stages of evolution of cardiovascular disease (and the probability of a third "bypass tract" directly from some risk factors to morbid events) may be thought of as having separate "forward" and "reverse" reactions as depicted schematically in Fig 5. The strength of the forward reactions is related to the power of underlying pathophysiologic relations and the promotor effects of modifying influences and disease "triggers" while that of "reverse reactions" reflects the efficacy of therapeutic interventions and possible counterregulatory physiologic mechanisms. Unfavorable genotypes may enhance adverse transitions ("forward reactions"), and favorable genotypes might confer partial resistance to specific risk factors.
This schema is sufficiently well supported by existing data to serve as a useful "traffic pattern" to identify fruitful areas for clinical and laboratory research. The ability to detect systemic atherosclerosis before it is clinically apparent in prospectively studied unselected populations makes it possible to characterize the factors that govern "forward reactions" from risk factor exposure to development of atherosclerosis, similar to what has already been accomplished for left ventricular hypertrophy. Availability of accurate measures of preclinical disease also makes it possible to determine whether there is a genetic basis for relevant phenotypic patterns (eg, hypertension associated with left ventricular hypertrophy) and, if so, provides a reference point for appropriate molecular genetic analysis. Similarly, study of patients with atherosclerosis and/or left ventricular hypertrophy should -by enhancing the incidence of morbid events -make it possible to analyze prospectively the effect of procoagulant systems or genetic factors on the incidence of CHD events.
Perhaps the most important immediate potential implication of the present schema concerns the feasibility and organization of clinical trials. For example, the incidence of morbid events among patients with initially uncomplicated mild-to-moderate essential hypertension makes it extraordinarily expensive (more than $100 million for proposed studies) to determine whether newer agents are superior to diuretic-based therapy for prevention of morbid events. Because the incidence of death and myocardial infarction in hypertensive patients are twofold to fourfold higher in the presence of left ventricular hypertrophy, a clearly beneficial difference between agents (eg, 25%) in the incidence of "hard" morbid events could be detected in a far smaller study population if only patients with this abnormality were used. If ongoing epidemiologic studies using ultrasonography of the carotid or other arteries show the expected concentration of CHD and cerebrovascular events in those with atherosclerosis, this would be another suitable group in whom to compare different antiatherogenic regimens. Although this research strategy entails additional screening costs to identify subjects with preclinical disease and its results may not be precisely applicable to low-risk patients, it remains the most reasonable way to distinguish the relative value of alternate therapies for at least the "highest" risk patients.
One benefit of therapeutic trials with serial measurement of left ventricular mass or systemic atherosclerosis would be to determine whether reversal or prevention of development of preclinical disease reduced the subsequent rate of morbid events. This has been suggested by observational studies in which hypertensive patients in whom left ventricular mass diminished during antihypertensive therapy were shown to be at significantly lower risk of subsequent morbid events than those whose left ventricular mass increased.125,26 If this is confirmed by prospective, controlled studies, measurements of left ventricular mass and systemic atherosclerosis would become prognostically validated "surrogate end points"'127 that could be used to judge the efficacy of new treatments, in far smaller therapeutic trials than needed when clinical morbid events are the end points.
Finally, there is post-hoc data to suggest that a subgroup of mild hypertensives might do as well if not better without drug therapy as with therapy. In one study, we found that patients with initially uncomplicated hypertension who did not smoke, had fasting glucose and total serum cholesterol levels below 140 mg/dL and 6.2 mmol/L, respectively, and had normal left ventricular geometry by echocardiogram had an incidence of subsequent cardiovascular morbid events of only 0.6 per 100 patient-years.50 Controlled trials to determine whether such patients remain free of preclinical disease or progressive blood pressure elevation without pharmacologic therapy are needed to determine the safety of this strategy. If "low-risk" mild hypertensives, who are free of preclinical disease, could be managed without drugs, the individual and communal benefit could be enormous since as many as one fourth of all mild hypertensives may fall in this category.50
